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© This invention relates to a fiberizable glass compositions consisting essentially, expressed in terms of mole 
percent on the oxide basts, of at least 65% total of 5-55% ZnO, 28-40% P2O5. 0.3-5% M0O3 and 10-35% R2O, 
wherein R2O consists of at least two alkali metal oxides in the indicated proportions selected from the group 
consisting of 0-25% Lf2 0. 0-25% NaaO, and 0-25% K2O, and up to 35% total of optional ingredients in the 
indicated proportions selected from the group consisting of 0-10% AI203. 0-15% B2O3, 0-15% AI2O3 + B2O3, 0- 
15% CU2O, 0-25% Sb203 0-5% F. 0-35% PbO. 0-35% SnO. 0-35% PbO + SnO, 0-5% Zr02. 0-4% Si02, 0-20% 
MgO + CaO + SrO + BaO + MnO. 0-20% MgO,0-20% CaO, 0-20% SrO. 0-20% BaO and 0-10% MnO, and 0-5% 
rare earth metal oxide. 
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Background of the Inventio n 
1 . Field of the Invention 



15 



20 



50 



55 



2. Background of the Invention 

now most, if not all, commerciallv available f h !, ^ ® P^'^""®' P''^^®- However, up until 

calcium-alumino-silicate g'a s lbers However V /^^^^ ^-'"fo^cement were E-glass fibers, i.e. 

temperatures used in rnak.ng tLsTglasTpoL °' "^^ P^°<=^^^-g 

Silicate fibers. Therefore, because t ese'Ss 3 TeT^^^^^^^^^^ °' 

compounding. As a result, the fibers wi hin t^e compose Z chT '''''''' 

such that these shortened silicate glass fiber-reint^rH!; , ^ chopped up during compounding 

the fibers would not have been shortened Inrir sh^^^^ '^^^ ^•^«"9t'^ ^f^^" » 

^5 essentially, expressed in terms of r^ofe percent on ^ compositions consisting 

consists of at .east two alkali metal oxides " the indiraL^ro 'rt'"' ° ^'-'^ ^^^^ 

0-25% NaaO, and 0-25% K.O. 23-55% ZnO 28 40?So ^^^^^ ^'^O' 

continZsTdrrrs^oSSb^^^^^^^^^^ -° -er. the ability to 

the glass devitrifled during fiber drawing Both o these shn-^^n 7 ^^^'^'^naliy 

glass wetting ,he platinum'bushings which resulted n the 9 asT bSVuc heb^h" ' °' 
5 and further causing a build-up of the class nn^fre.,^ V !! backmg up the bushing via capillary wetting 
the fiber drawing process cauLd reaular breaS^nTT 1'°^ '"'"^ ^^"^"^^ °' "-^"'"Q" Problem 
orifice by c.eaning'ou. the dSed glass ' t^^^ 

Summary of the Inventio n 

con.^nrs;;dL^^:tr:g.i:s^,^r^ '° ^""'^ ^ ^incphosphate g,ass composition which could be 

tem;;:.u:er;:L?:o^rn::r formmg or drawing 

continuously drawn with non-noble metal fiber-drawing syslms ''""^ '° 

procSLro^JL^trng^^^^^^^^^^^ -ich wi,. deform at polymer 

ites with a greater proportion ofZgTr Iss °ib^rs 1 7"' °' glass/polymer compos- 

These objectives are acNeved !n berilab.e "IT" """"^""^ °' ''^^ 9'^^^- 

terms of mole percent on the Se bas f 0 a, east ' ^'^P^^^^^'^ - 

and 10-35% R,0. wherein R.S consists o at !ea t f L °' "^-"^"^ "^^^ O'^-^"/" ^^00= 

selected from the group consi tm g 0 S t lIo 0 25 ' t''' TJ''' " '^^^P^^'^"^ 

optiona, ingredients .n the indicated proportions selected from the n'ro ' '° '^'^ °' 

B.03, 0-15% Ab03 0-15% Cu^O o pi S A n c ^ consisting of 0-10% AI^O,, 0-15% 

PbO + SnO, 0-5% Zr03 0-4O'o SiO o prS: m n ^ A^' ^' ^""^^ 0-35% SnO. 0-35% 

20% SrO, 0-20% BaO and 0- lo'f MnO and 0^=; * * ^ ^ MgO.0-20% CaO, 0- 

selected from the lanthanide gro^) ^RE^ con1is;nroft h"'''' ^"^"^ ""'^'^ "'^'^^ 

P..ethium. samarium. euro^um,^o;ir°jr^;;^^^^^^^^^^^^ 



EP 0 578 023 A1 



and lutecium. 
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having JcoSs sui a r; ''''' ''"^'^''"^"^ -^^^ '° homogeneous lipui.s 

v-scosity Of about ^0 0 " 0 000 p^i " t^^^^^^^^^^^^^ compositions have a'meit 

preferably at least about 100 • C aboJe ,f.e l ouidrtemoL, temperature. The drawing temperature is 
these conditions are maintained in silicate f^rfn *^. ? ° composition. The art discloses that, if 
during fiber forming is avo^rd A ho he raS Tr! ^alatw T H T'"^" '° °^ 

silicate glass and thus it is not necessL to HrT "^^^'^"'^^^'0" phosphate glass ,s slow compared to 
composLn does we hrf.ber formfno rt " T^^'^'''^ ^'^"^^ "P^'d^^. the phosphate 

Platinum,.Rhodium Nickel sfaintess Si ^ Phenomenon was observed with Platinum, 

by this wetting phenometon'^rougj^^^^^ cr t S^^raJv L^to f"h "^^^ ''T^'^ ^'^^^^ '^^"^^'^ 

the molybdenumiped g "ss comS '"t^rfacial tension of the glass composition, such that 

turn, the glass does notS ud 1^01^11 ^ °' «°°""9 ^"^'^^8. In 

glass wi,l'occurupsLamf?om hVorficTBec^^^^^^^^^^^ ^^^^ ^ "^-'^"P °' 

forming undesired nodular inclusions or st^nant a eas wh^^^^^ ' " "° °' ^'^^^ 

eventually crystallized: thus, in turn allolg qlasrf bS tLt^n. 1''!'°" """^'^^'^^ ^""^ 

operation. As a result of the addition nTTh^ M^offK continuously drawn in a typical fiber drawing 

range were drawn contlnlulytr manrho^'^ev^^^^^ °' '^^-'^-"'-^ claimed' 

contllT^rrnrfibt'?^^^^^ P^-P-« 9'-es can be 

Assuming no change in the surface tenl" in thl^H h '"^"'^^ °' 9'^^^- 

tension of the glass is that the d fferenlr!! " , ^ '''^^ ^^^ult of reducing the surface 

a increase in SaSaTtiron'^rn th^^ ^^^^^^ IZXT'' 

tension equates to reduced wettina of th<= moJ . ,' ^ ^ ^"^'^ increase in interfacial 

amounts less than 0 3 mole nerrpnt dn not a « '^0^3 to the glass composition in 

The following ranges of rorposSon oro^^^ suff.cent reduction in the surface tension of the glass, 
preferred for easy draLg- ^0 3^^^ O^^S^" "^'^ '^'^''''^ 

and 0.5-4% M0O3. ^'^ '° ^^O. 31-46% ZnO 



Prior Art 
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resistance to attack by water SnSinc ! ""^ temperature no higher than 425 -C and excellent 
basis, Of about ZbI^:%,TZI:^^^^^ 

(analyzed) 2-25% SnOj ^ fVIo03 * W03 + a Un;il«\h^ ? . MoO,+W03. 0-10% SnO^. 0-8% CI 

required to reduce the surface te^sfon oT the 1, '"^tant invention, wherein the addition of fvio03 is 
presence of either M0O3 r^/wo ord^ to ^ ^^^^^^^ 
the flow properties were^ompLrt:^:;!^^^^^^^^^^ - .'^^t 

component, but also the purpose for the oresence of wn Jl l T/^ ^ required 

different from that in the Resent inventl: Se^^a^comS " ^'^ " 



50 
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basiJafc' ;:rai°;;rtL''ba';:h'rch^3^^^ r^^"^' '^-^^ -^^-^ - -^^^ 

addition the glass wet J^e fiber ormro tlr^^ continuously drawn into fiber: without the f^oO, 

present. It was dfscove red h J I j V devitrification problem described above was 

..e., the ability .0 n^wTfi^erfo^:: 1^^^^^^^^ 1^ 

each glass composition at viscosities belL 100 n.,I f / ' "'^'^^O"^® ^'^^ ^'"9 was dipped into 

the ability of the alass to fJ^ .T I ^ ' ^' 'e'^Pe^atures between 800 and 900 "C and 
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composition would be able to be continuously drawn into fiber. Note that all three exannples doped with 
molybdenum easily formed continuous rings, i.e.. they passed the "ring test". 

In referring now to TABLE II, the effect of the M0O3 addition can be seen; all four examples possess 
the same base composition, yet the only one which passed the "ring test" is 1.0% MoOa-doped Example 9. 
Although Examples 10 and 19 did contain M0O3. the amounts were less than 0.3%, by mole, and therefore 
not sufficient. Note Example 5, which, although it contained a 2% WO3 addition which was expected to 
cause the same effect as molybdenum, did not pass the "ring test". 

TABLE Ml records a number of glass compositions, including those earlier discussed, expressed in 
terms of mole percent on the oxide basis as calculated from the batch, illustrating both the inventive 
glasses which could be continuously drawn into fiber, as well as other compositions which do not contain 
the inventive MoOa addition. Inasmuch as the sum of the individual constituents total or closely approxi- 
mates 100, for all practical purposes the value reported for each component may be considered to reflect 
mole percent. TABLE lllA reports the same compositions, but wherein the values have been converted to 
weight percent. The actual batch ingredients for the glasses can comprise any materials, either the oxides 
or other compounds which, upon being melted together, will be converted to the desired oxides in the 
proper proportions. 

In referring to TABLE 111 it should be pointed out that all of those compositions containing 0.3 mole 
percent M0O3 or greater passed the "ring test", and thus should be able to be continuously drawn into fiber 
without any devitrification problems. 

The batch materials were compounded, ballmilled together to aid in securing a homogeneous melt, and 
then charged into silica crucibles. After placing lids thereon, the crucibles were introduced into a furnace 
operating between 1100' and 1200 'C and maintained at that temperature for about 3-4 hours. Each melt 
was poured as a fine stream into a bath of tap water to form particles of glass, a practice termed 
"drlgaging" in the glass art. The drigaged particles were dried and thereafter milled to form cullet. This 
cullet was then either used in the fibermaking process or remelted and used in the "ring test". 

TABLE I 
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13 
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P205 


32,5 


33 


32 


AI203 


2 


2 


1.9 


Na2 0 


6.8 


8 


6.8 


U2O 


6 


5 


6 


K2O 


6.8 


4 


6.8 


ZnO 


43 


35 


43.4 


M0O3 


3.5 


3 


3.5 


MgO 




4 




CaO 




4 




BaO 




3 
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TABLE II 
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15 
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10 


P205 


33 


33 


33 


33 




2 


2 


2 




Li20 


6 


6 


0 


D 


Na2 0 


7 


7 


7 


7 


K2O 


7 


7 


7 


7 


ZnO 


43 


43 


42.5 


43 


Si02 


2 




1.5 


1.9 


M0O3 






1.0 


0.1 


WO3 




2 






ring 










test 


no 


no 


yes 


no 



The process of drawing fiber first involved melting and fining the glass batch, i.e.. the earlier described 
cullet. Preferably, the process involved fining the glass batch between about 1 to 2 hours at a tennperature 
between about 900-1100 'C. Following fining glass fibers were then drawn at a drawing temperature at 
which the compositions had a melt viscosity of about 10^ to 10* poise. In the preferred embodiment the 
drawing temperature was 450 to 525 -C. Note that, because of the slower crystallization of phosphate 
glasses as compared to silicate glasses, tt was not necessary to draw fibers at a temperature at least 
lOO'C above the liquidus. It was only necessary to draw fiber at a temperature such that the glass would 
fall on its own leaving a fiber trail behind; glass which is too hot will stream on its own while glass which is 
too cold will clog the nozzle due to devitrification. These Mo03-containing compositions were capable of 
being drawn into fibers having diameters ranging between 1 to 100 microns, with diameters on the order of 
15 to 20 microns being most easily drawn. Nevertheless, it should be noted that fibers as fine as 6 microns 
were successfully drawn for extended periods of time. Fibers were successfully drawn using various tooling 
materials other than platinum, including nickel platinum-rhodium and molybdenum. 

Whereas the above description reflects laboratory melting and forming practice only, it will be 
appreciated that the recited compositions are capable of being melted in large scale melting units and 
being made into fiber, utilizing forming techniques conventional in the glassmaking and fiberglass art, 
although modified as descnbed above for the phosphate composition. 
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Generally, the fibers formed from the disclosed fiberizable compositions had good tensile strengths and 
modulus of elasticities so as to not be too rigid and brittle. TABLE II reports data of three fiber compositions 
40 Which are representative of the those properties possessed by typical fibers formed within the composition 
range. TABLE IV reports the liquidus temperature each glass composition possessed in a fiber draw 
process at the platinum tooling surface (liquidus-Pt.) and at the center of the fiber being drawn (liquidus- 
int.), the viscosity of the glass at the Platinum surface liquidus {viscosity at Pt liquidus) and the glass 
transition temperature (Tg). Example 12 comprised the most preferred embodiment of the inventive glasses 
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TABLE IV 





12 


6 


13 


liquidus (int.) 


530 'C 


680 'C 


660- 


C 


lint lirii i<? fPt^ 


\J\J\J v> 


yen « P 


680- 


C 


anneal point 


314'C 


318'C 


350- 


c 


strain point 


296 'C 


297 -C 


330- 


c 


viscosity at pt liquidus (poise) 


1000 


< 100 


100 




Young's Modulus {x 10^) 


8.14 


8.2 


9.09 




bulk density (g cc) 


3.06 


X 


3.14 




Coef, of thermal expansion (x 10~^) 


135.5 


133.5 


126 




Tg 


334 


338 'C 


-353 





Claims 

1. Fiberizable glass compositions consisting essentially, expressed in terms of mole percent on the oxide 
basis, of at least 65% total of 10-55% 2nO. 28-40% P2O5, 0.2-5% M0O3, 10-35% R2O. wherein R2O 
consists of at least two alkali metal oxides in the indicated proportions selected from the group 
consisting of 0-25% Li20. 0-25% Na20, and 0-25% K2O and up to 35% total of optional ingredients in 
the indicated proportions selected from the group consisting of 0-10% AI2O3 0-15% B2O3, 0-15% 
AI2O3 +B2O3. 0-15% CU2O, 0-5% F. 0-25% Sb2 03. 0-35% PbO. 0-35% SnO, 0-35% PbO + SnO. 0-5% 
Zr02, 0-4% Si02, 0-20% MgO + CaO + SrO + BaO + MnO, 0-20% MgO,0-20% CaO, 0-20% SrO, 0-20% 
BaO and 0-10% MnO, and 0-5% rare earth metal oxide. 

2. The glass according to claim 1 consisting essentially of 30-36% P2O5, 1-4% AI2O3, 4-8% U2O, 4-15% 
Na20, 3-8% K2O. 31-46% ZnO and 0.5-4% MoOa. 

3. The glass according to claim 1 consisting essentially of 32.5% PzO^. 2% AI2O3. 6% 1(2 0, 6.8% Na2 0, 
6.8% K2O. 44% ZnO and 2% M0O3. 

4. A method of making glass fibers comprising the steps of: 

(a.) melting a batch for a glass composition consisting essentially, expressed in terms of mole 
percent on the oxide basis, of at (east 65% total of 10-55% ZnO. 28-40% P2O5. 0.2-5% M0O3, 10- 
35% R2O, wherein R2O consists of at least two alkali metal oxides in the indicated proportions 
selected from the group consisting of 0-25% LisO. 0-25% Na2 0. and 0-25% K2O and up to 35% 
total of optional ingredients in the indicated proportions selected from the group consisting of 0-10% 
AI2O3, 0-15% B2O3. 0-15% AI2O3 +B2O3, 0-15% CU2O. 0-5% F. 0-25% Sb203. 0-35% PbO. 0-35% 
SnO. 0-35% PbO + SnO, 0-5% Zr02, 0-4% SiOs. 0-20% MgO + CaO + SrO + BaO + MnO, 0-20% 
MgO.0-20% CaO, 0-20% SrO, 0-20% BaO and 0-10% MnO. and 0-5% rare earth metal oxide; 
(b.) fining the glass meit; and, 

(c.) drawing fibers from the glass melt at a temperature at which the melt has a viscosity of about 
10^ to lOs poise. 

5. The method according to claim 4 wherein the glass composition consists of 32-36% P2 O5, 1-4% AI2O3, 
5-8% Li2 0, 6-15% Na20, 3-8% K2O. 0.3-4% M0O3 and 31-46% ZnO. 

6. The method according to claim 4 wherein the glass composition consists of 32,5% P2O5, 2% AI2 03, 
6% Li2 0, 6.8% Na2 0, 6.8% K2O, 3.5% M0O3 and 44% ZnO. 
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